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FOkEWORD

The phytoplankton of the San Francisco Bay Delta -
Estuary Complex have not received the attention necessary if
one is to understand Bay ecology. Existing checklists of
algae are too incomplete or unavailable for most biologists.
In an effort to help gain more knowledge of these important
forms, forms essential in the entire food-web, Jane Helrich
has developed this Key to the phytoplankton Phyla and Genera.
1In this key, great care has been taken to illustrate the forms
and to use the least technical terms possible.

As you are monitoring at a field station, you will be
identifying many of these forms. From the data you submit,
it will become evident which algae are common in the Complex.
Such information is vital to a complete understanding of the
local food-web.

As you encounter species it is important that they be
identified. Careful drawings of these species made by
students will be incorporated in future revisions.

George J. Castellani
Director, Project MER



MAJOR CHARACTERISTICS TO LOOK FOR IN COMMON PLANKTERS+

I. Grouping by Color

a. Algae - blue-green
b. Algae - green
c. Diatoms - yellow to golden brown
d. Pigmented flagellates - yellow green to dark brown

II. Gross Structure

a. unicellular
b. colonial type
c. filamentous
d. tubular
e. strandlike
f. membranous

III. Cell Structure

a. 2121.2alaL
b. cell wall
c. outer matrix

IV. Size

a. mesoplankton (net) over 3 mm. No. per 100 ml.
b. microplankton between 60 p and 3 mm. No. per ml.
c. nannoplankton under 60 p No. per ml.

V. Specialized Parts of Cells

VI. Specialized Parts of Multicellular Algae

+ Underlined terms defined in Glossary

TABLE f*

COMPARISON OF FOUR MAJOR GROUPS OF PHYTOPLANKTON

Characteristics Blue-Green
Algae

Green
Algae

Diatoms Pigmented
Flagellates

Color
Blue-Green
to Brown

Green to
Yellow-Green

Brown to
Light Green

Green or
Brown (Red)

Location of Pigment
Throughout
Cell

In

Plastids
In

Plastids
In

Plastids

Starch + or -

Slimy Coating - in most - in most - in most

Cell Wall

Inseparable
from slimy
coating

Semirigid-
smooth or
without spines

Very rigid Thin,
with regular thick,
markings or -

Nucleus.

Flagellum

Eye Spot

* From Atgae in Watek Supptiez

Abz ent

+ Pkeh ent

II



CHARACTERISTICS HELPFUL IN IDENTIFICATION OF PHyTOPLANKTOe

PHYLUM CHLOROPHYTA: May be fresh water or marine

Color: grass-green; usually referred to as the green
algae.

chlorophylls A and B predominate - in
chromatophores.

xanthophylls preSent, and A and B carotene.

Photosynthetic reserve is usually starch

Cellulose is almost always present in cell walls

Forms may be:
unicellular, or multi-cellular
micro or macro-scopic in size
motile or non-motile;

motile cells may have 2-4 flagella, equal
in length, at the anterior end

Reproduction may be sexual or asexual
sexually reproductive forms may reproduce by
isogamy, anisogamy, or cogemy.

PHYLUM CYANOPHYTA: (Myxophyta) May be fresh water or
marine

Color: blue-green
chlorophyll is not contained in specific
pl.istids, but is diffused generally
throughout the cytoplasm

chlorophyll A is present;
xanthophylls are present, and
Beta carotene; c-phycocyanin; c-phycoerythrin

(responsible for masking other pigments,
resulting in the usual blue-green color),
but actually, every color in the spectrum
is present somewhere in this group.

No distinct nucleus, but instead a central body which
does not have a nuclear membrane, nor a nucleolus.

Photosynthetic reserve usually a carbohydrate;
cyanophycean starch.

Forms are:
usually colonial or filamentous
some motile, but have no locomotor structure

Reproduction:
only asexual; by fission, fragmentation, and

production of non-flagellate spores.

Terms in margin are defined in the Glossary
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PHYLUM PYRROPHYTA: Dino-flagellates. Most are common in
fresh water, but also make up an impor-
tant and abundant part of marine phyto-
plankton.

Color: yellow-green to dark brown, due to chlorophylls
A and C, being masked by several xanthophylls
and B carotene.

chlorophyll E present in members of one class.

Photosynthetic reserves are starches and oils.

Forms are:
usually unicellular;
usuallylmotile, and with two flagella; one
encircling the organism in a transverse
groove (girdle)

the other flagella is attached on a ventral-
longitudinal axis in a groove (sulcus),
so that it trails posteriorly.

There are two forms, naked and thecate.
Thecate walls are usually formed of ornamented

polygonal plates. (See below)

Sexual reproduction is very rare.

Sulcus

NAKED

irdle

THECATE

PHYLUM CHRYSOPHYT!1: Most are Diatoms (class Bacillario-
phyceae) common in fresh water or
marine habitat. Conspicuous, important,
and abundant part of phytoplankton,be-
ing the basis of the food chain.

Color: light green to golden brown.
chlorophyll contained in specific plastiJs.
all classes have chlorophyll A, and B, c\arotene,

and a number of xanthophylls.

Photosynthetic reserves are oils and leucosin.

Forms are:.
may be unicellular or in colonies.
motile, but have no locomotor structure.

(classes other than diatoms may have
flagella)

+
Terms in margin are defined in the Glossary

2

u' ni cet' tu taA

.taws yenze'
gin' dee
yen' mute
on gi tu' di, nat

ax' iz
zut' cuz
pis ten' i OA 4
the' cage
pot y gon' at



Diatoms an be described as looking like a
petri dish, having cell walls usually
composed of two siliceous, overlapping
halves.

CENTRIC

PENNATE

VALVE

GIRDLE

The more or less flattened surfaces are called
valves.

The sides are called the girdle. (See above)

Classification iE based on shape, and how the valves are
decorated.

Order Centrales: have circular or elliptical
valve outline, with markings not discernible,
concentric, or in a radial pattern

Order Pennales: have elliptical to rod-shaped
outline; are bilaterally symmetrical, or
asymmetric. (See above)

Some diatoms may have a longitudinal cleft on
the valve, called a raphe; others may simply
have only a space, called a pseudoraphe..
(See below)

Reproduction:

Sexual reproduction can be isogamous, or
autogamous.

Asexual reproduction of non-motile forms
(diatoms) by flagellate or non-flagellate
spores.

Statospore formation is unique to this phylum

True Cleft

HAPHE PSEUDORAPHE

+
Terms in margin are defined in the Glossary
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KEY TO PHYTOPLANKTON

PHYLA

1. Pigments not contained in a plastid, but spread evenly throughout
cell; color usually blue-green. Has slimy coating; nucleus absent.

PHYLUM CYANOPHYTA...10

1. Pigments contained in a definite plastid; usually no:: blue-green;
slimy coating usually absent; nucleus present 2

2. Non-motile; chloroplasts usually grass-green, and varied in shape;
cell wall semi-rigid. PHYLUM CHLOROPHYTA- 4

2. Mdtile or non-motile: chloroplasts yellow-green to brown; usually
ovoid Fo spherical; cell wall very rigid or absent 3

3. Chloroplasts yellow-green tolgolden-brown; cell wall rigid with regular
markings, and usually made up of two overlapping halves (often impreg-
nated with silica); motile or non-motile; single or in colonies.

PHYLUM CHRYSOPHYTA:..30

4



KEY TO PHYTCPLANKTON

PHYLA
(Continued)

3. Chloroplasts yellow-green to dark brown (reddish); cell wall thin,
thick or absent; usually two flagella, different in position and
motion; has eye spot present; usually single, but may form in
colonies. PHYLUM PYRROPHYTA...17

5



KEY TO GENERA OF CHLOROPHYTA

4. Cells in strandlike colonies 5

4. Cells not in strandlike colonies 7

5. Cells in branched, strandlike colonies.
Cells a solid green chloroplast. Ctadophoka (Fig. 1)

5. Cells in single strands, not branched;
cells not solid green chloroplasts 6

6. One or more spiral chloroplasts
per cell. Spikogyka (Fic. 2)

6. One' collar-shaped chloroplast
per cell. Utothkix (Fig. 3)

6. One or more star-shaped chloroplasts
reaching to cell wall. Zygnema (Fig. 4)

7. Cells consist of two semi-cells, with or
without central constriction 8

7. Cells with no semi-cells; no central
constric.Aon. Cht.oketta (Fig. 5)

6



KEY TO GENERA OF CR_OROPHYTA
(CONTINUED

8. Cells of two semi-cells, without a
deep constriction in the center; ends
of cell bluntly pointed. Ceortekium (Fig.. 6)

8. Cells of two semi-cells, having a
deep constriction in the center, and
margins of half-cells deeply incised...

9. Margins of cells deeply incised, and
having short spines. MickaistuLicus (Fig. 7)

9. Margins of cells usually in three or more
heavy spines; cell usually with processes
extending in three dimensions. Staum4tAum (Fig. 8)

7



KEY TO GENERA OF CYANOPHYTA

10. Mature cells characteristically distinctly
separated from one another by gelatinous
matrix; cell division in three perpen-
dicular planes. AnacotiA (Fig. 9)

10. Cells characteristically not separated,
but joined in filaments; cell division
in two perpendicular planes 11

11. Filaments conspicuously attenuated, tapering
from base to apex (end) 12

11. Filaments not so 13

12. Filaments fairly compact and radiate or
parallel, forming distinct more or less
globular, gelatinous mass. Rivutaitia (Fig. 10)

12. Filaments single, or loosely clustered, often
with false branches; may unite with others to
form micro--or macroscopic tufts.

CatothAix (Fig. 11)

13. Filaments are without gelatinous sheaths,
forming broad to narrow regular spirals.

Sp-atteine (Fig. 12)

13. Filaments having definite or barely distin-
guishable gelatinous sheath, and not in
regular spirals 14

14. Filaments have conspicuous hyaline to
yellow-brown individual sheaths, which
extend beyond the filament; apical cells
usually rounded. Lyngbya.(Fig. 13)

14. Sheath not as above 15



KEY TO GENERA OF CYANOPHYTA
(CONTINUED)

15. Unbranched filaments, single to loose aggre-
gations in watery mucous; cells spherical to
barrel-shaped. Anabaena (Fig. 14)

15. Filaments not in watery mucous; cells
not as above 16

16. Unbranched filaments forming straight
lines to irregular curves', occurring
singly or in interwoven masses,
attached or floating. Barely dis-
tinguishable sheath, or none: apical
cell generally rounded. OzcZteatmia (Fig. 15)

16. Unbranched filaments, straight or
twisted, enclosed by loose gelatinous
sheath commonly confluent with other
sheaths forming a watery layer of
filaments; apical cell variously
shaped. PhoAmidaim (Fig. 16)

9



KEY TO GENERA OF PYRROPMA

17. Girdle and sulcus lacking 18

17. Girdle and sulcus present at some stage
of life cycle 19

18. Conspicuous spines at anterior end;
thecate form. PlimocentAum (FLg. 17)

18. No conspicuous spines at anterior
end; nonthecate form. Haptodiium (FLg. 18)

19. Body naked with thin pellicle (covering) 21

19. Body thecate (having decorative plates) 20

20. Theca separates into right and left halves 27

20. Theca does not separate into right and
left halves. Gtenodinium (Fig. 24)

21. With ocellus (little eye--a small, rounded
thickening.) Nematodinium (Fig. 19)

21. Without ocellus 22

22. Cell large and spherical; single large
tenta to at posterior end of sulcus.

Noctieuca (Fig. 20)

22. Cell not thus, without large tentacle 23

10



KEY TO GENERA OF PYRROPHYTA
(Cm-muED)

23. With permanent colonial organization; with
more than 1 girdle, and usually with two
or more nuclei. PoZykAiko6 (Fig. 21)

23. Without permanent colonial organization 24

24. Ends of girdle not displaced, or
displaced no more than 1/5 of the
body length 25

24. Ends of girdle displaced more than
1/5 of the body length 26

25. Girdle close to anterior end, so that the
epitheca is very small. Amphidimium (Fig. 22)

2!,. Girdle central to sub-central (mostly
marine forms.) Gymnodinium (Fig. 23)

26. Sulcus almost straight. Gtenodinium '(Fig. 24)

26. Sulcus turned almost 1/2 the
cell circumference. Gytodinium (Fig. 25)

27. Epitheca very small and surrounded by
the wide lips of the girdle (marine
forms only.) Dinophyza (Fig. 26)

27. Epitheca usually larger. If small, not
surrounded by lips of girdle 28

11



KEY TO GENERA OF PYRROPHYTA
(CONTINUED)

28. Apex of epitheca rounded or truncate,
never acutely symmetrically pointed 29

28. Apex of epitheca with an acute point,
or definite horn, sometimes very long!
Hypotheca with one to four horns, often
strongly recurved. Caa,tium (Fig. 27)

29. Epitheca rounded or truncate. Hypotheca
may have two short spines. Sulcus often
extends from hypotheca into epitheca.
Fairly symmetric. PeAidinium (Fig. 28)

29. Body may be round or angular. Girdle
usually equatorial. Spines very short,
if any. One posterior intercalary plate.

Goniautax (Fig. 29)

12



KEY TO GENERA OF CHRYSOPHYM

(DIATOMS)

30. Valve outline circular; markings on
valve usually in radial arrangement
around a central point. ORDER CENTRALES...31

30. Valve outline elliptical to rod-shaped;
markings bilaterally symmetrical or
asymmetric. ORDER PENNALES...38

31. Single, cylindrical (round) cells, without
horns or long spines

31. Not as above

32

35

32. Valve with wing-like expansion around
margin of valve, supported by
rays. nanktonielea (Fig. 30)

32. Valve without wing expansion 33

33. Valves with a striated margin. CyaoteLea (Fig. 31)

33. Valves without a striated margin 34

34. Cells with inconspicuous, submarginal
spines. Cozeinodizat's (Fig. 32)

34. Cells without submarginal spines, and
having valve divided into radial
sections which are alternatbly arched
inward and outward. Acttinoptychu4 (Fig. 33)

13



KEY TO GENERA OF CHRYSOPHYTA

(DIATOMS)
(CoNTINum)

35. Valve with eccentric apex or hair-like
spine. Rhizozaenia (Fig. 34)

35. Valve not so 36

36. Cells solitary with marginal crown
of long spines. CoAethAon (Fig. 35)

36. Cells not solitary, and without
marginal crown of long spines 37

37. Cells in chains, and held together by
long, hollow spines. Sketetonoma (Fig. 36)

37. Cells in chains, with two setae per valve
arising from to,. marginal corners. Chaetocenaz (Fig. 37)

38. Valves without a raphe. A
pseudoraphe usually present. 39

38. Both valves have a true raphe 51

39. Cell with one end enlarged, forming
star-shaped colonies. Aistnionata (Fig. 38)

39. Cell not as above 40

14
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KEY TO GENERA OF CHRYSOPHYTA

(DIATOMS)
(CONTINUED)

1

40. Pseudoraphe distinct 41

40. Pseudoraphe indistinct or absent 44

41. Striae (fine lines) usually radiate.Rhaphone -t (FLg. 39)

41. Striae usually transverse (going straight
across.) 42

42. Cells elongate, usually many times
longer than broad. Synedita (FLg. 40)

42. Cells not so; but united into bands .

by the entire valve side. FAagettaitia (Fig. 41)

43. Cells long and narrow, cling in colonies 44

43. Cells not long and narrow, do not cling
in true colonies 47

44. Colonies star-shaped or zig-zag 45
44. Colonies not as above 46

45. Cell with long valve, and having very
small spines. ThatazziothAix (Fig. 42)

45. Cell with girdle view having four distinct
longitudinal lines. Tabataiiia (Fig. 43)

15



KEY TO GENERA OF CHRYSOPHYTA

(DIATOMS)
(CONTINUED)

46 Cells very long, rounded on ends; slide
over each other rapidly; at one time
being end to end, and at another neatly
arranged side to side. BacittaAia (Fig. 44)

46. Cells club or wedge shaped; longitudinally
symmetrical, forming fan shaped colony.

Meuldion (Fig. 45)

47. Cells single; stalked or in gelatinous mass 48

47. Cells not as above 49

48. Valve symmetric but variable in shapes
having conspicuous central and polar
nodules. Gomphonema (Fig. 46)

48. Valve asymmetric; having a broad center,
tapered at ends; girdle view
rectangular. Cymbata (Fig. 47)

49. Girdle view quadrangular; valves elliptical
to lance-shaped; cells may be in short
chains. . DentLeuta (Fig. 48)

49. Girdle view arched or bent; valves elliptical
and rarely lance-shaped; does not occur in
chains. CocconeZs (Fig. 49)

50. Valves crescant, elliptic, or somewhat
boat-shaped; girdle view elliptic with
flattened ends. Amphora (Fig. 50)

50. Valves not as above 51

16
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KEY TO GENERA OF CHRYSOPHYTA

(DIATOMS)
(CONTINUED)

51. Cell with definite ventral nodule 52
51. Cell without definite central nodule 53

52. Cell with central nodule elongated to
half the valve length or more, and
then forking. Amphiptema (Fig. 51)

52. Cell with small central nodule and
straight raphe; tapered at ends.

Navicuta (Fig. 52)

53. Valve linear, slightly inflated at center
and rounded at ends. Pinnutwba (Fig. 53)

53. Valve spindle-shaped, straight or slightly
s-shaped; having a keel (keel of one valve
diagonally opposite that of another valve.)

Witzchia (Fig. 54)

17



GLOSSARY

anaerobic a condition involving the absence of free oxygen in water or sewage.

anisogamy, sexual reproduction in which motile gametes are unequal in size.

anterior the front or forward end of an organism that is capable of movement,

asyriimetric not symmetric - sides not alike.

autogamous occurrence of fusion of two nuclei from same parent.

autotrophic refers to nutrition type organism whose only food requirement is inorganic
(organic materials are built up from inorganic by synthetic means.)

axis the central line about which parts of an organism are symmetrically
arranged.

benthic aquatic organisms growing close to sub-strate.

bifurcate divided into two branches; forked.

bilatere two-sided.

carbohydrate any one of a group of compounds (sugar, starch, cellulose) containing
carbon combined with hydrogen+oxygen in the form of an aldose or a ketose,
essential in the metabolism of plants and animals.

carotene a deep yellow or red hydrocarbon (crystalline) which acts as a plant
pigment. It occurs also in various animal tissues (i.e., crayfish) and is
changed in the body to vitamin A.

cellulose an amorphous white carbohydrate, isomeric with starch, insoluble in all
ordinary solvents and forming the fundamental material of plants.

chlorophyll green photosynthetic pigment; present in plant cells, including the algae.

chloroplast a color-carrying body (plastids) within a cell protoplast, containing the
green coloring matter, chlorophyll.

chromatophore a cytoplasmic structure (plastid) which acts as the seat of photosynthesis
in holophytic nutrition, but whose color is yellow, brown, etc., instead
of green.

cleft an opening or division.

colonial grouped or living together - in colonies.

concentric circles, having a common center.

cyanophycean bluish algae.

cytoplasm all the protoplasm in a cell except that in the nucleus.

18



GLOSSARY (Cont.)

diatom

dinoflagellate

elliptical

epitheca

filaforn

filameotous

fission

flagellate

cell walls of silica, and sculptured with striae and other markings;
brown pigment associated with chlorophyll.

large flagellate.

narrowly oval in form, with greater width across the middle than at the
ends.

the slightly larger half c..)7 a diatom; it fits as a flanged collar over
the bottom half (hypotheca.)-

in the shape of a thread

having linear series of cells forming a thread, and held together by
their cell walls or sheath.

splitting or breaking apart

motile algae and protozoa with a microscopic whip-like structure for
lbcomotion.

fragmentation breaking up of an organism into smaller pieces.

frustule cell wall of a diatom.

fusiform spindle-Shaped.

gamete either of two mature reproductive cells (ovum or sperm) which, in
uniting, form a zygote.

girdle the side of diatoms, showing the junction of the two valves (the hypotheca
and epitheca.)

heterogamy sexual reproduction wherein the gametes are of unequal size.

holozoic animals whose nutrition is organic food (derived ultimately from plants)
and taken into digestive cavity for absorbtion into the body.

hypotheca the smaller, bottom half of a diatom, that fits inside the slightly larger
top (epitheca.)

19



GLOSSARY (Cont.)

isogamy sexual reproduction wherein the gametes are of equal size and all alike;
no differentiation between male and female.

lateral refers to sides, rather than ends, of an algae body or other organism.

leucosin a simple protein.

locomotion power of moving from one place to another

longitudinal running lengthwise

lorica rigid, wall-like covering around a motile cell, separated by a space from
the protoplast or cell wall. An opening is present at the anterior end,
through which the flagellum extends.

macroscopic

matrix

membranous

micron

motile

over 3 mm in size.

intercellular substance

a wide, thin, flat plant body; a partition or covering, like the permeable
outer surface film of a protoplast.

unit of linear measurement used for describing the size of micro-organisms.
Equivalent to one one-thousandth of a millimeter. Defined by using the
Greek symbol p.

free-swimming.

nanneplankton unattached aquatic micro-organisms under 60 microns in size.

naviculoid boat-shaped.

nodule a small knot, lump or knob.

non-flagellate not having a whip-like microscopic structure for locomotion.

nucleolus a well-defined small nucleus often found within the nucleus of a cell.

nucleus an organized, specialized body within the protoplast, and containing the
chromatin.

oogamy

organism

sexual reproduction in which the sperm is small and flagellate and the
egg is large and non-motile.

a plant or animal; a body that has developed as a result of being alive.

20



GLOSSARY (Cont.)

pennate a diatom which is elongate, not circular in the valve view; the ornamenta-
tion or pattern is arranged along the sides of the longitudinal axis rather
than around a central point.

photosynthetic ability of algae and other plaats to manufacture sugar and other carbohy-
drates from inorganic raw materials, with the.aid of light and chlorophyll.

phytoplankton microscopic aquatic plant life.

pigmented having color.

plankton unattached micro-organisms (plants and animals) dispersed throughout the
water.

plastid a structure within a cell containing the pigments.

pollution presence of foreign material in water, particularly that which interferes'
with its use.

polygonal having many angles.

posterior the hinder end of the body of a free-swimming organism.

protoplast the mass of protoplasm within the cell wall.

pseudoraphe a clear, narrow space along the longitudinal axis of some diatom valves.

radial

raphe

having lines or patterns extending from the center of a circle, and at
right angles to tangents.

a furrow or cleft along the longitudinal axis of some diatom valves.

silica silicon dioxide or other silicon compounds.

SiliCiOUS composed of silicon dioxide. Glossy.

spores reproductive bodies in non-flowering plants; usually single-celled and
capable of developing into an independent organism.

statospore an asexual, non-motile spore with thickened cell walls.

strandlike fibre or hairlike.

striae fine lines; lines of pores (like dots) arranged in a regular pattern in
the walls of diatoms.

SUlCUS groove or furrow; ventral longitudinal groove in dinofiagellates.

symmetrical regular; having the parts on one side of an organism identical to the
other side.

Lp
21



GLOSSARY (Cont.)

thecate having a cell wall (lorica) surrounding the organism.

transverse lying across; placed along the long axis of a part.

truncate with the end flat, squared off.

tubular thread-like plant body, one cell wide, not divided into segments by
cross-walls.

unicellular one-celled.

valves the more or less flattened sufTgEe'a-Of diatom cells.

ventral underside; abdominal or vent side of an animal; lower side of a plant
part - facing its center.

xanthophyll a yellow pigment contained in plants, related to carotene.

zooplankton microscopic aquatic animal life.
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